Medicinal value has been attributed to Larrea divaricata CAV. (Zygophylaceae family) by the Indian tribes from South America. 1, 2) In Argentina, Hieronymus 3) mentioned the medicinal properties of L. divaricata for a variety of diseases such as venereal disease, tuberculosis, colds, bowel cramps, rheumatism, and also as an antiseptic, expectorant, emetic and diuretic.
In Vitro Propagation of "Jarilla" (Larrea divaricata CAV.) and Secondary Metabolite Production Lorena ) followed by 8 h darkness. The experiment was carried out with 40 randomly selected seeds (replicates) per treatment, and was repeated three times.
Tissue Culture Culture initiation and shoot multiplication were carried out with in vitro-grown three-month-old L. divaricata seedlings. Each plantlet was excised in single and apical double-node microshoots, all of them being used as explants. They were placed on sterilized tissue culture basal medium, with different ratios of NAA: BA (Table 1 , Section 1); pre-treated with IBA for 5 d and then transferred to MS salt media of one-third, half-or full-strength (Table 1 , Section 2); and with different ratios of IBA: sucrose (Table 1 , Section 3).
The pH media was adjusted to 5.6 and solidified using 0.8% (w/v) agar prior to autoclaving at 120°C for 15 min. During establishment of shoot multiplication, cultures were kept at 25Ϯ2°C under a photoperiod of 16 h of cool-white fluorescent light (45 mmol m Ϫ2 s
Ϫ1
). Each treatment consisted of twelve replicates (randomly selected) and was repeated three times. The average principal shoot length, node number and shoot rooting percentages were recorded after 90 d of culture.
Acclimatization Rooted plantlets were washed with sterilized distilled water and potted in trays with steam-sterilized 1 peat: 1 perlite: 1 sand, by volume. Plantlets were acclimated for 3 weeks in a growth chamber at 25Ϯ2°C under a 16 h photoperiod of cool-white fluorescent light (45 mmol m Ϫ2 s
). The humidity was lowered to 70%. Acclimated plants were moved to a green-house in 16 cm-wide polypropylene containers with 2 peat : 1 sand (v/v). The survival efficiency was determined 4 weeks after the plants were introduced into the greenhouse.
Chemicals The solvent used for the extraction of plant samples was analytical grade ethanol, while those used for the HPLC analysis were HPLC grade acetonitrile, phosphoric acid, and Milli Q distilled water. NDGA, quercetin and kaempherol aglycones were purchased from SigmaAldrich (St. Louis, MO, U.S.A.). Extraction and Quantitative Analisys of NDGA, Quercetin and Kaempherol Aglycones Wild plants and in vitro grown shoots (90 culture days) were freeze-dried in a lyophilizer. The dried in vitro grown shoots and wild plants were finely ground with a mortar. The powdered plants were extracted with 99.5% ethanol by maceration in a shaker at 120 rpm for 24 h at room temperature. The ethanol extracts obtained were filtered and concentrated under reduced pressure. The residue of the extracts was redissolved in methanol, filtered through a membrane filter (0.45 mm pore size) and subjected to HPLC analyses. The assays were performed using a Water TM 2690 HPLC system, with a computer-controlled system containing Millenium software. Separations were carried out on a reversed phase column Phenomenex Luna 5m C18 (2) 100 Å (4.6 mmϫ250 mm) fitted with a SecurityGuard TM precolumn. The mobil phase consisted of solvent A (water/1% phosphoric acid)/solvent B (acetonitrile/1% phosphoric acid), in linear gradient starting from 70 to 50% of solvent A in 10 min, 50 to 40% of solvent A in 5 min, 40 to 30% of solvent A in 10 min, 30 to 70% of solvent A in 5 min, at a constant solvent flow of 1 ml/min. The eluent was monitored with a multichannel photodiode array detector (Water 996) at 281 nm for NDGA and 370 nm for quercetin and kaempherol aglycones. The metabolites were identified using the internal standard method and quantificated from their calibration curves. All experiments were repeated twice. The quantitative determination was performed in triplicate and the results are presented as mean valuesϮS.D. 
RESULTS AND DISCUSSION
Germination As shown in Table 2 , only 20% germination was observed in the control (1) . It is known that in some plant species, seed dormancy is a condition that prevents the seed from germinating, even when it is perfectly healthy and all conditions for germination are at an optimum. Seed dormancy is also a prevalent cause of very slow and erratic germination in the majority of wild plants. 24) Therefore, strategies to induce physiological and mechanical seed dormancy rupture were carried out, resulting in a positive L. divaricata seed germination response. Seeds soaked with GA 3 (0.3, 3, 15 mM) induced physiological dormancy release and increased germination rates ( Table 2 ). Kucera et al., 25) have reported that the use of this plant growth regulator (GA 3 ) is an effective induction mechanism to release seed dormancy on several species.
Washing overnight in running tap water was not enough to prevent seed dormancy, with the resulting germination rate being only 11.8%.
A higher germination rate (88%) was observed after the mechanical rupture of the seed coat (scarification). Dormancy caused by an impermeable seed-coat appeared to be one of the reasons for poor germination of the studied untreated seeds of L. divaricata ( Table 2) .
The best germination rate (97.1%) was obtained with a combination of seed-soaking overnight with 15 mM GA 3 ϩ scarification, which increased the germination rate four-fold compared to the control (Table 2) .
Tissue Culture The experiments were conducted to determine how different ratios of plant growth regulators would support microplant growth. It is known that in some plant species, auxins and cytokinins stimulate in vitro multiplication of shoots. 26) When apical single and double node microshoots were used as explants, with any ratio of NAA : BA (Table 1 , Section 1), no shoot initiation and root development was observed, calli being formed around the shoot instead. It has been reported that callogenesis increases when there is a rise in the internal content of cytokinin, probably due to the addition of exogenous BA. Furthermore, it is known that high concentrations of BA usually suppress plant regeneration. 27) The fact that the use of apical double node microshoots resulted in root absence suggests that the addition of NAA was not able to reverse the negative effects of BA on root formation, as in other species. 27, 28) The control was the only treatment that promoted the elongation and rooting of the explants.
In the second procedure (Table 1 , Section 2), apical double-node microshoots pre-treated with different IBA concentrations (1.5, 50 or 150 mM) for 5 d, and then transferred to one-third, half-or full-strength MS salt media without plant growth regulators were able to promote micropropagated plants (Fig. 1) . As shown in Table 3 , an excellent growth response (length of principal shoot and node number) corresponded to micropropagated plants on half-and full strength MS media, pre-treated with 50 mM IBA. The other morphogenic growth condition, one-third-strength MS salt medium, induced callus formation with a loss of elongation capacity.
The best rooting media corresponded to the plantlets previously induced with 50 and 150 mM IBA, and then transferred to one-third-, half-and full-MS strength salts (Table  4 ).
In the third procedure (Table 1 , Section 3), different ratios of sucrose and IBA were also able to promote micropropaga- (Table 5) . Results from this study showed that node number was not proportional to principal shoot length, as observed using the second strategy (Section 2), with these plantlets presenting an internodal reduced morphogenic structure.
The most successful rooting percentages were established on "b (3% w/v sucrose: 2.5 mM IBA)," "f (4% w/v sucrose: 2.5 mM IBA)," and "j (5% w/v sucrose: 2.5 mM IBA)" fullstrength MS salt media ( Table 6) .
The results presented in Tables 5 and 6 indicate that the highest level of sucrose, 10% (w/v), inhibited not only shoot elongation, but also rooting.
Acclimatization In all experiments, survival efficiency was between 48-56%. The plants showed normal external morphology and normal growth after being transferred to the greenhouse.
Extraction and Quantitative Analysis of NDGA, Quercetin and Kaempherol Aglycones Variation in the content of NDGA and flavonoids in the different plant material tested was observed. The NDGA content in the wild growing plant stems was 97.32Ϯ4.66 mg/g DW, while the in vitro plantlets presented values ranging from 2.33Ϯ0.33 to 35.90Ϯ3.82 mg/g DW (Tables 7, 8 ). The results obtained in wild plants are similar to those described by Mabry et al., 1979. 5) Analysis revealed that the highest content of NDGA was accumulated in the regenerated L. divaricata microplants cultivated on half-strength MS salt medium (35.90Ϯ3.82 mg/g DW).
Half-strength MS salt medium, in the absence of IBA, resulted in higher NDGA production than the full-strength medium. However, when the explants were pre-treated with IBA, independently of its concentration, production of NDGA was not sensitive to the variation of strength of MS salt media. Furthermore, the studied metabolite was not sen- (Table 7) . Modifying the ratios of sucrose and IBA seemed to influence the NDGA production.
The 2.5 mM IBA: 4% (w/v) sucrose and 2.5 mM IBA: 5% (w/v) sucrose media were the most effective growth conditions for NDGA production (16.18Ϯ5.05 and 19.42Ϯ0.89 mg/g DW, respectively). The results presented in Table 8 indicate that 5% (w/v) sucrose and 2.5 mM IBA induced not only a higher NDGA production but also a higher quercetin production. In general, the culture conditions, especially the growth regulators and carbohydrate concentrations do not affect the quercetin accumulation in in vitro plant culture (Table 8) .
It was found that kaempherol was not synthesized.
CONCLUSIONS
This is the first report of a successful protocol for in vitro germination and propagation of Larrea divaricata.
As L. divaricata seeds showed coat and embryogenic dormancy, each physiological and mechanical dormancy condition was subjected to specific treatments. The best strategy for dormancy release was a combination of overnight seed soaking with 15 mM GA 3 ϩscarification.
Growing microplants on half-and full-strength MS salt media, after pre-treating explants with 50 mM IBA, were the optimal protocols for micropropagation.
Based on the results of this study, it is clear that under defined culture conditions it is possible to produce shoots with a high content of NDGA in a short period of 90 d, which could be useful for pharmacological studies.
Our data suggest that modifying the composition of MS inorganic salt medium to half-strength is an appropriate methodology to increase the production of NDGA in in vitro cultures of L. divaricata. 
